The essential oils of Satureja species have recently been investigated for their chemical composition and antioxidant and antimicrobial properties, as well as some other physiological activities [6] [7] [8] [9] [10] [11] .
The antioxidant effects of aromatic plants are mainly due to the presence of phenolic compounds, which may protect the unsaturated lipids present in both foods and the body [11] . According to Ruberto and Barata [12] , who determined the antioxidant activity of several essential oil components, the phenolic components carvacrol and thymol, along with β-caryophyllene, γ-terpinene, pcymene and linalool (the major components identified in satureja essential oil) possess strong antioxidant activity.
Studies related to the essential oil composition and pharmacological activities of S. obovata and S. intricata have previously been reported by different researchers [6] [7] [8] [9] . Although some references can be found related to the antioxidant activity of similar species, to our knowledge, no specific research into their antioxidant activity has been carried out. In light of the above, the main goal of this work was to evaluate the hybrid NPC Natural Product Communications 2010 Vol. 5 No. 4 629 -634 character of S. x delpozoi on the basis of its essential oil chemical composition and antioxidant activity compared with those of the parents.
Given the scarcity of data and the great economic interest shown in the genus Satureja, it was considered necessary to study the chemical composition and antioxidant capacity of wild species in order to obtain selected varieties that would permit standardisation of the commercial material. In the case of S. x delpozoi, moreover, its hybrid nature involved a great increase in size, accompanied, therefore, by the possibility of producing a large quantity of biomass from which the essential oil could be extracted under cultivated conditions. The few genetic barriers between the parents would also permit the possibility of producing a vegetal material with optimal levels of essential oil and antioxidant capacity through processes of plant selection and breeding.
The oil yields of the aerial parts obtained from S. intrincata and S. obovata were 1.19 ± 0.16% and 0.32 ± 0.03%, respectively. The hybrid's essential oil yield showed intermediate values with respect to their parents. Thus, 0.59% was quantified for S. x delpozoi (hybrid 1), and 0.67% for S. x delpozoi (hybrid 2), based on dry weight.
Chromatographic analysis allowed the identification and relative quantification of a total of 58, 54, 52 and 50 volatile components for the essential oils of S. intrincata, S. obovata, S. x delpozoi (hybrid 1) and S. x delpozoi (hybrid 2), respectively ( Table 1 ). The major components identified in S. intrincata, which define the chemotype of this species, are the phenolic compound thymol (18.0%) and its precursors, p-cymene (25.7%) and γ-terpinene (11.0%), along with borneol (8.5%). For S. obovata, the major compounds found were αterpineol (23.5%), camphor (20.1%) and linalool (12.4%). However, according to the literature consulted, for S. intricata (previously known as S. cuneifolia Ten. subsp. gracilis), the major components of the essential oil from Valencia populations (east of Spain) were myrcene, p-cymene, limonene, cineol and linalool [13] . These differences in chemical composition seem to demonstrate the existence of at least two distinct chemotypes in the species in SE Spain. Recent publications on the chemical composition of S. cuneifolia from Turkey described the oil as having a phenolic chemotype, which, in the phenological stage of flowering had the following composition: thymol (45%), carvacrol (13%) and p-cymene (19%) [11] , while Oke et al., [14] found that carvacrol (45.0%) is the main component of the essential oil of S. cuneifolia of Turkish origin.
As regards S. obovata, few publications can be found related to the major components identified in the essential oil of this species. Arrebola et al. [15] published the essential oil composition of S. obovata harvested in the south of Spain. For these authors, the major components identified were camphor (18.0%) and thymol (11.2%), the variation in essential oil composition, once again, being probably related to the presence of different chemotypes of this species. In the present study we found that the essential oil composition of S. obovata does not have a phenolic chemotype. This affirmation supports the theory that the two accessions of Satureja x delpozoi have an intermediate chemical composition between the two parents (S. intricanta and S. obovata) from southeastern Spain. According to the results shown in Table  1 , the essential oil profile of these two hybrids had a chemical composition between the two parents studied. Thus, S. x delpozoi hybrid 1 had an α-terpineol percentage composition close to that of S. obovata. As regards borneol, linalool and carvacrol concentrations, these were close to those of S. intrincata, whilst the pcymene, γ-terpinene, camphor and thymol concentrations were between those detected for the parents under study. Regarding the essential oil composition of hybrid 2, the percentage concentrations of linalool, borneol and carvacrol were similar to those of S. obovata. The major components with concentrations lying between those determined for the parental essential oils were p-cymene, γ-terpinene, camphor, α-terpineol and thymol.
The antioxidant activity of the essential oils under study were tested using the DPPH • radical scavenging and ABTS •+ radical cation decoloration assays. As stated in previous publications, essential oils rich in phenolic components, such as thymol and carvacrol, exhibit high levels of antioxidant activity [14, 16] . The antioxidant properties of phenolic compounds are directly linked to their structure, the presence of one aromatic ring bearing one hydroxyl group meaning that they are potentially able to quench free radicals by forming resonance-stabilized phenoxyl radicals [17] . As expected, S. intrincata essential oil showed high antiradical activity against the radicals DPPH • and ABTS •+ . In contrast, S. obovata essential oil had no effect against these radicals, probably due to the low concentrations in which the phenolic components are present. Previous studies have mentioned the quenching capacity of S. cuneifolia essential oil from Turkey [11, 14] , for which IC 50 values ranged from 1.6-2.1 mg/mL [11] to 65.1 ± 2.2 µg/mL [14] . This differs from the results found in the present study for S. intrincata essential oil, since at a concentration of 10 µL/mL, this was able to quench the DPPH • radical by 60.2%. The low phenolic components content of the two essential oils from the S. x delpozoi hydrids could explain the low inhibition shown by these oils against the radical DPPH • (13.45%; 3.04% for hybrid 1 and 2 respectively). It is important to highlight that although both essential oils have similar thymol contents, hybrid 1 exhibited an antiradical activity that was four times higher than that showed by hybrid 2. This could be attributed to the higher content of carvacrol in the essential oil of hybrid 1, which is also three times higher than that calculated for hybrid 2. Several authors [7, 8, 18] have proposed a possible synergism between the concentration ratios of phenolic/oxygenated compounds and the antioxidant/antiradical activities of the oils. According to the proposal of Kosar et al. [11] , the activity might also be affected by the ratio of thymol and carvacrol as well as the presence of other minor oxygenated compounds.
On the other hand, when the ABTS •+ radical cation decoloration assay was used to determine the essential oil antioxidant activities, no difference was detected between the two S. x delpozoi hybrids (0.99 and 0.90 µM Trolox/µL EO respectively). This underlines the need to use different antioxidant capacity assays in order to take into account the mode of action of these phenolic components [19] [20] . On the basis of these results, it could be concluded that carvacrol (at the concentration found in this essential oil, 1%) does not have sufficient capacity to quench the cation radical ABTS •+ .
On the basis of their essential oil composition and antioxidant capacities, these results corroborate the hybrid character of these two S. x delpozoi plants.
Experimental
Plant material: Stem and leaves from two plants of S. x delpozoi Sánchez-Gómez, Jiménez and Morales, and 5 plants from its parent species, S. obovata and S. intricata, were collected at the flowering stage, in October 2008, from different localities in the south-east of the Iberian Peninsula (Spain), and identified by the authors. Voucher specimens of the species are deposited at the Herbarium MUB of the Department of Plant Biology (Botany), University of Murcia, Spain. Chemicals: 2,2-Diphenyl-1-picrylhydrazil (DPPH • ), 2,2'-azinobis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS •+ ), Trolox (6-hydroxy-2,5,7,8tetramethylchroman-2-carboxylic acid) and potassium persulfate were purchased from Sigma-Aldrich (Madrid, Spain). Anhydrous sodium sulfate was supplied by Scharlau Chemie S.A. (Sentmenat, Spain). High-purity standards were obtained from Sigma-Aldrich (Madrid, Spain).
Essential oil extraction:
The plant material was dried to constant weight in a forced-air drier at 35ºC for 48 h. The aerial parts of individual plants were subjected to hydrodistillation, in accordance with the current European Pharmacopoeia [21] , for 3h using a
